
OTS PRICE

XEROX

MICROFILM $

Ortho and Paratr4t|um _

by

E,W, Albersw P, Harteck

and

Rt R, Reeves

....... Rensselaer Polytechnic Institute
Troyp N.Y,

ABSTRACT

The conversion of ortho-paratritium tn the homogeneous gas

and so|4d phases are reportedt The extent of convers|on was measured

by a heat conduettv4ty cell cooled w|th liquid neon, The gas phase

conversion was observed at the temperature of liquid neon where the

equilibrium concentration Is one part ortho to one part paratrItium,

The role of an ton mechanism tn this conversion ts discussed, For

the s_lfd phase conversion the rate Is two orders of magnitude faster

than the rate for hydrogen_ Cons|derat|on of the kinetic data for

hydrogen_ deuterium and tritium tn the solid phase and adsorbed phase

Indicates that a more favorable energy transfer process may be apera-

tire for tritium and deuterium,

|ntroduction

In normal hydrogene due to the existence of the ortho and

para modtflcatIonsp tn addition to the different phys|cal propert4esj

v

some bas4c reactions could be Investigated! H + H2(para ) _ H + H_(ortho)

*The research reported tn this paper has been sponsored by the
National Aeronaut4cs and Space AdmtnIstrattont Washington, D,C,

Presented tn Part at the 144th National Meet4ng of ACSj Los Ange|ese
March 1963,
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(1=2j3) or parahydrogen formtng normal hydrogen |nduced by |ontztng
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After the d|scovery of deutertum(6)p tn addttton to the
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(4) P. C. Capron_ Ann. soc, sct. Bruxelles, 55..j 222 (1935).

(5) H. Eyr|ng_ J. O. Htrschfelder and H. S. Tay|orp J. Chain, Phys.j /%
479e 570 (1936).
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ortho-paradeutertum system_ the chem|cal exchange between hydrogen and

deuterium could be studted. At first glance one m4ght be therefore

lead to believe that very little new or bastc knowledge could be acqufred

by fnvesttgat|ng the ortho,paratr_tfum system, But on the contrary more

refined ktnettc understanding may be achieved by the Investigation of

the ortho-paratrtttum system and m|xtures of trtttum wtth hydrogen and

deuter|um than could be achteved with hydrogen and deuterium alone.

In an earlier paper (7) the convers|on of normal trtttum into

(7) E, W, Albers, P. Harteck_ and R.R. Reeves_ Ze|tschr_ft Fur Natur-
forschungj 18a, 197 (1963),
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paratrtttum was reported ustng a coconut charcoal as a catalyst. The

convers|on of the normal trtt|um (three parts ortho and one part para-

trtt_um) was made at l|qufd neon temperature (27.2OK)I obta_n|ng the

equilibrium concentration of 50_ paratr(t|um, By cooling the charcoal



with liquid helium practically 100_ paratrftium could be obta]ned. The

concentration of paratrtttum was measured by the heat conductivity

method of Bonhoeffer and Harteck(1'8). The measured forward and reverse

rm| L . ,.

(8) K. Bonhoeffer and P. Harteck, Sttzber. Preuss. Akad. Wtss. 107 ,
(1929)J Naturwtss. 17, 182.(192_)

processes at the botltng point of liquid neon and the boiling point of

liquid nttrogen gave half |tie|trees on coconut char¢oa| of 0.92 and 1.0

minutes respectively. This was an order of magnitude faster than

expected when compared with the rate of conversion of normal hydrogen

on the same charcoal under identical conditions as wt|l be discussed

1ater.

Conversion was also obtained without a catalyst by freezing

the tritium with |tqutd helium. Thts solid phase conversion occurred

wtth a seventeen minute half lifetime which was two orders .of magnitude

faster than expected.

Since tritium is radioactive, emitting beta particles wtth a

half life of 12.5 years (9) and an average energy of 5.69 key. the

(9) L. Alvarez and R. Cornog, Phys. Rev.,._,6,613 (1939)158,197 (1940).
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possibility of ion react|ons must be considered for the transformation

of ortho and paratrtttum= It appears as wt11 be discussed tater, that

the tons do not play an important part in the ortho-para conversion on

charcoal, but causes conversion tn the gas phase, The effect of the

ions on the solid conversion needs to be Investigated further.

[xper fmant,al

In the conversion experiments of normal hydrogen to para-

hydrogen, measurements cout_l be made each t_me wtth a Fresh charge of
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hydrogen which was then discarded. Because of the red4oactfve nature

of tr4t_um, however, _t was not posstble to follow exactly this same

technique. Instead a sealed Pyrex apparatus was fabr|cated as a s4ngle

unit within which one could convert the tr4tium to paratrftlum and back

again to normal tritium, measuring the degree of conversion by the heat

conductivity method 4n the closed system as used by Bonhoeffer and

ck(8).Harte . Prior to filling the apparatus with tritium s ft was baked

out at 17OeC under vacuum for s|xteen hours, Trft|um was then admitted

until the final pressure reached ] ram, which corresponded to 300 refill-

curies, A schematic draw4ng fs shown ]n Figure l= The small bulbs D

and J contained the catalyst (about one.tenth gram) For the convers]on

experiments, Bulb D contained a coconut charcoal, and bulb J a charcoal

w]th a coating of ga]dot4nium chloride to 4ncrease the number of para-

magnetic centers substant(atty over that of ordinary charcoal, These

t|ny bulbs were connected w|th the apparatus by one mill|meter cap41tary

tub|ng (C) to m4n]m]ze back diffus|on. Unh]ndered back d4ffua]on of

tr]t|um to the catalyst _n the bulbs O and J at room temperature m_ght

result |n reconvers4on of paratrtt|um to normal tr4t|um tnterfer]ng

w|th concentration measurements° ,.

The overall size of the apparatus was approximately 280 mmx

250 mm x 20 mm. The ortho-paratr|t|um concentrat|on was measured by

the heat conduct|v]ty celt_ 6p which was cooled w4th t4clu|d neon, F,

and jacketed w|th t|qu|d n_trogen, E. The cell was made of 19 rnmO.O.

med|um-_all Pyrex. The lead-|n w|res, H, were 22 gauge tungsten. A

platinum f4la_ent approx|mately tO0 mm tn length and lO m4crons 4n

d]ameter, was soldered to the tungsten, Th_s proved to be a suitable

arrangement for studying the k4net4cs for the convers|on on charcoal,
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At the low pressures used the heat conductivity cell operated also to

a certa|n extent as a P|ran| gaugep wh{ch means that 4t w411 be sens].

t4ve to pressure changes as will occur when the level of the 14qu4d neon

decreases or 4t: the room temperature changese Th4s becomes |mportant

_f transformat|on phenomena are |nvestfgated which occur over a longer

per4od of t4me s(nce sl4ght changes of the I]qu4d neon level or changes

|n room temperature will correspond]ngly vary the pressure_ effect4ng

the reading of the gauge and therefore care must be taken to avoid

undue errors,

At the start of a g]ven ser|es of measurementsj the tr4t4um

was always f]rst equ414brated to the normal tr4t]um of: 3 parts ortho-

tr4t{um to one paratr4t(um by adsorb]ng ft on the coconut charcoal at

14qu]d n]trogen temperature,* After a Few pre||m4nary measurements ]t

was apparent that ten m|nutes on churcoa| was suf:f4clent for equ414bra-

t4onq The trtt4um was then desorbed from the charcoal by heat4ng the

sample w4th bo41tng water_ Th|s procedure was followed by measurement

of the resistance w4th the Wheatstone br4dge to obta4n the reference

point of: normal tr4ttum on the thermal conduct|vIty cell, For the

determlnatfon of the conversion rate _nto paratr|tfum the charcoal

was first precooled with Itqu|d n|trogen for two m4nutes, The nitrogen

was then qu|ckly replaced w4th l|qu|d neon, It was ant|c|pated that

the neon temperature was reached tn a few seconds and therefore at th4s

po4nt the convers|on started, At the end of the predeterm4ned t]mep

the neon was removed and the tr]t4um rapidly desorbed from the charcoal

bulb w|th bo]l|ng water. The thermal conduct|v4ty of the tr|t]um was

then measured to determine the extent of conversfon, The trft4um warn

In

_Theorettcally 2.95 to I at 77,/4OK
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then re-equ|l(br&ted to normal tritium by adsorption for 10 minutes on

charcoal at the temperature of Itqu(d nitrogen as described before and

the process repeated for different times to obtain the results (n Ftgure

2, Equilibrium convers|on at neon temperature was assumed to correspond

to the resistance change observed for long cooling times (ten times or

mere adsorption time). It should be noted that tritium |s almost at

the normal equilibrium of 75% ortho to 25% para at liquid nitrogen tem-

perature (77,40K) and 52,5% ortho to 47.5_o para at equilibrium for neon

temperatures (27,16°K). See Table I,

In order to study the effect of tons tn the gas phase a modi-

fied apparatus was constructed where an electric field could be applied

within the cell, rn Figure 3 a schematic drawing ts shown for this

arrangement, Bulb (A) contains approximately 0,5 grams of coconut char-

coal, As before a one-mill(meter capillary section (B) was Incorporated

to minimize back diffusion, The septums (C)p (D)p (El were used for

baking out_ ftllfng_ and f_nal disposal. Septum (G) shown _n the seal-

ed condition was used for evacuating the space contatn|ng the 38 gauge

copper lead wires, The rag(on noted by IF) simply Indicates the physical

arrangement which proved to be practical for the ftve 22 gauge nickel

leads, Number )8 gauge copper leads were then soft soldered to their

respective nickel leads at the top and bottom of this sect(on. The

filaments label led (K) were two-micron diameter platinum Wollaston

wires, Only one wire was used during measurements! the second was a

spare since we were working wtth a sealed system.

In order to produce an electric Field w(thfn the heat con-

duct|vtty cell tt was plated with two electrodes by depositing platinum

metal on the Inside wall tn two strips 12.5 cmx 7 ram.
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Table I

Equilibrium Ortho-Paratr|t]um Concentrations

T_ °K

0

5

10

15

2O

25

30

4O

5O

75

tO0

Ortho

0.0

0.0

2.8

16.4

33,8

47.4

56.7

66.8

71.3

74.5

74.9

%

I

I

Para

00.0

00.0

97.2

83.6

66.2

52.6

43.3

33.2

28.7

25.5

25.1
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The heat conduct4vtty cell shown In Figure (1) was later

modifted_ replacing the 22 gauge tungsten w|th 38 gauge copper wires

and two micron Wollaston wire as mentioned above for the study of 4on

removal 4n an electric field, The new arrangement was 4denttcal to

that |n Figure (I) except that the heat conductivity cell was an exact

duplicate of that In Figure (3) without the two add|tional etec.trodes.

(platinum strips) for maintaining an electric field,

Results and g]scusston

Conyerston on Coconut Charcoal

In Figure 2 the kinetic data for the forward and back ¢onver,

stons on coconut charcoal are shownl the half lifetime for the forward

process at 27,16OK being 0,92 minutes and for the reverse at 77,4°Kp

l,O minutes, The forward process was measured by adsorbing the tritium

gas at the temperature of l]quId nitrogen, where 4t becomes equilibrated

to ]ts normal ratio of J=l, In transferrfng from I]cluld nftrogen to

14qutd neonj the neon temperature was reached in a few seconds. At

the end of the predetermined ttme of the convers|on the bulb was heated

with hot watere the tritium gas desorbtng tn a few seconds, The tritium

does not desorb untft the temperature Is above 77,LICK and therefore

there (s a back conversion occurring during these few seconds of heat-

tng, The degree of back conversion depends on the paratrItIum con..

centrat|onj but the fact that the forward conversion data goes through

the orIg(n for ttmew t = 0 and follows a straight line on the seml-

log plot 4ndIcate that these trans(ent times must have been negligible,

Considerable scatter was observed for runs where the convers4on approach-

ed the equilibrium values and th_s could be expla(ned as back conver-

sion occurr|ng durlng heat4ng, These po(nts correspond to ordinate
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values of 0,1 to 0,01 on F]gure 2 and were not ]ncluded because of the

lack of reproductb411ty.

The adsorpt]on on charcoal at 11quid nitrogen temperatures

takes about one mtnute as was readily observed using the heat conducti-

vity cell as a Ptrant gauge° From Ffgure 2_ It can be seen that the

curve for the back conversion Is displaced from the origin by about one

minute, By changing the experimental procedure this time could be mtn-

|mtzedt but such changes would Involve other more serious problems.

When the apparatus was designed provision was made to include

a catalyst of gadolinium chloride coated charcoal which was an order

of magnitude faster due to Its high paramagnet]c suscept]b]lity than the

normal charcoal ]n the event that the tritium converted very slowly, The

conversion rate on normal ¢harcoalp howeverp was faster than ant]c]pated

and convenient for exper]mentat]on° It was found that the gadolinium

coated charcoal catalyst was too effecttvew because even during the fast

heating for desorpt]on |t was so raptdly re-equilibrated that practically

normal trtt]urn desorbed.°

From the experimental results of L.Farkas and H.Sachsse (10)

(10) L, Farkas and H. Sachsse S]tzber, Preuss. Akad. Viss, 268 (1933)!
Z. f, physfkal. Chemfe_ _., 23_ _, 19 (1933).

the surface paramagnettsm of d]amagnettc charcoal was clearly established

as the reason for the fast conversion, To achieve this catalysts the



10.

hydrogen molecules had to d|ffuse freely even at low temperatures

(20,4°K) on the 4nhomogeneous charcoal surface |n order to |nteract

w|th the paramagnettc centers of the charcoal,

The conversion of ortho-parahydrogen produced by oxygen gas

which Is paramagnet|c has• according to E, _t|gner (11) the ortho-para

inl

(11) E, P, WIgner• Z. f. physIkal, Chemte_ B_• 1_.• 203 (1932),

mild Hil a n I !1

trans4tfon probab41tty gtven by=

Wo, = | , (1)

h2r_kT

where I_| and l_j are the magnetic moments of the 4nteract|ng species

(oxygen and hydrogen); I• the moment of Inertia of the converting

spectest h• Planckis constant; k• Boltzmannis constant; rsp the collts,,

_on d|stance between the |th and jth parttclesp and Tp the absolute

temperature, A s|m_lar relation can be assumed as a f4rst approxtma,

tton for the heterogeneous conversion. The rate of convers|on 4s

proportional to the product of the transit|on probab|Itty and tn the

J-_ J + I transitions a factor consIder|ng the endothermtc4ty. (For

data|Is see A. Farkasp reference (|2) • The total temperature effect

(12) A. Farkas, !lOrthohydrogen, Parahydrogen and Heavy Hydrogen I= J
Cambr4dge Un|v. Press • London 1935 ,

adsorbed hydrogen Is at present not well known. It appears, however,

from Ftgure (2) that the conversion rate for tr|t4um ts temperature

_ndependent to a f4rst approx4matIon.
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S(nce the ratio ZH2/IT= |s one-thlrd and the rat|o of the

magnetic moments of tritium and hydrogen Is 1.07 (2.79, H=! 2.98_Ta) (13)

, ill

(13) H. L. Anderson and A. Novtck, Phys. Rev. 71_ 372 (1947)1 F. Bloch,
A,C. Gravesj M. Packard and R.W. Spencep tbtd., 71p373_551
(1947)1 E. B. Nelson and J,E, Nafe_ tbfd,p 7_p 1194 (1949),

the ratio of rates of conversion for tr|t|um should be 3.43 times

faster tn the gas phase compared w|th normal hydrogen according to

equation (1)w tf converted with a paramagnettc gas such as 02 or NO_

The heterogeneous conversion of tritium on the same coconut charcoal

under the sane exper|mental conditions had a half lifetime of one

minute which was 27 times faster than the conversion of normal hydrogen

or eight times faster than expected tf equation (1) for the gas phase

were applicable, Three possible reasons for this fast conversion rate

are immediately apparent=

(a) The term r 6 could be smaller for tritium than for hydrogens

because the tritium has a zero point energy which is (1/3)1/= smaller than

that of hydrogen. But it seems un|tkely that the distance r s for tritium

would be smaller by (1/8)1/6 (or a factor 0.7) than the distance r s :for

hydrogen. The factor 8 can not be explained by this effect_ but tt could

contribute to a minor extent,

(b) An increase Of the rate of conversion by ion interaction

or by ion exchange mechanism Initiated by the radioactivity of tritium

has to be considered, Since carbon is a semi-conductor, any highly

efficient chain mechanism is not ltkety. The deuterium conversion on

charcoal where |ons cannot be present also was relatively faster than

expected as will be shown below.

(c) The explanation for the relatively fast conversion of deu-

terium and tritium may be due to the fact that a more favorable energy
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transfer may occur for the tritium, Additional Information was obta|ned

by studying the convers|on rate of deuterium on the same charcoal under

tdenttcaT conditions, In Figure (4) the kinetic data for the conversion

of deuterium are reported! the graph represents the fractional decrease

in peradeutertum normalized between room temperature and 27o2°K as a

function of time, The measurement of the slope yields a half lifetime

of 19 minutes. If one considers the half lifetime for hydrogen_ deu-

tertum_ and tritium with due allowance being made for difference in

the nuclear magnetic moment an interesting relationship becomes apparent,

In Table II it may be seen that deuterium and tritium convert four and

eight times faster respect|veTy compared to hydrogen under identical

conditions, The marked departure of deuterium and tritium may very weTl

be due to a more favorable energy transfer. For the heterogeneous phase

herep as wet! as for the solid phase conversion of tritium reported in

the next sectton_a one phonon emission process seems more l tkeTyo More-

over_ since the rate for deuterium conversion on charcoaT was also

faster than anticipated and in this case obviously no ions are present_

the effect of ions in the case of tritium conversion on the charcoal

should be at the most only minor.

Conversion in Solid Phase

For normal hydrogen it was shown by Bonhoeffer and Harteck (8)

that the ortho-para transformation does not become effective due to a

solidification or melting process, Furthermorej Bonhoeffer and Harteck

showed that in the liquid phase the change of parahydrogen concentra-

tion was about l_'q/hr, These studies on the liquid and solid phases

clearly established the existence of freeTy rotating molecules. Sub.

sequentlyp exact measurements for the transformation in the solid
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Table ZI

Conversion of Hydrogenp Deuterium and

Trlttum on Coconut Charcoal

H2

Da

T=

Observed
half lifetime
m|nt

27

19

1.0

Kob s mtn" (I_=H)H* kcalc"mtn'l k°bs/kcal

(_=tt) 0 or T

0.026 1.00 (0.026) I

0.036 O. 199 0.OO51 3.9 _'k

0.69 3.42 0.088 8

*Using Wtgnerls expression (equation i) tt may be seen that the

calculate rate constants for deuterium and tritium relattve to

hydrogen are proporttonat to I which ts the reciprocal of the

(_=H)D or T

product of the square of the nuclear magnettc moment and the mass

deuterium or tritium.

_The factor (3/4) = must be Included to account for the unequal nuclear

spins of hydrogen and deuterium (14) (H a and Tap S = I/2 a Dae S = 1)

ii

(14) F. Kalckar and E. Tellerj

i

Proc. Roy. Soc,e I_L_l 520 (1935)
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phase were made by Cremer and Polanyt (15). Recently, Hotlzukt and

(15) D. Cremer and H. Polanytp Z. f. phys{kal Chemte, B_, 2__1_h59
(1933).

i

Nagamfya (16) have treated the Conversion in the solid theoretically.

i i i =l

(16) K, Hotfzukl and T. Nagamtya, J, Phys. Sac. Japan, I1, 93 (1956)!
tbtd., 1i, 654 (1956)j tbtd., 12, 163 (1957).

i ii •

They find nearly exact agreement between thetr calculated half life-

times and the half 1tfettme of sixty-hours measured by Cremer and

Polanyt/ this value ts 210 times slower compared to the half lifetime

value of seventeen minutes for the solid phase conversion of pure tri-

tium reported In Figure (5). According to equation (I) the rate of:

conversion varies d{rect|y wtth mass of the converting specfesj there-

fore the tritium would be expected to be only a factor three faster,

rather than the 210 times faster observed. The somewhat unexpected

behavior of tritium may however he explained either by a more favorable

energy transfer or an ton mechanism. In Table II! the Debye character-

tsttc temperature for each Isotope and the correspond!ng rot0t|onal

temperatures are gtveno Examination of these data seem to Indicate

that for hydrogen the minimal energy transfer process must Involve

the emission of two phonons whereas for trtttum a one phonon emission

process seems 11kelyo Deuterium, howeverp may have either , one phonon

or two phonon process.

Conversion at NeOn Teml_rature ;In the "C_s Phas_ I

A slow conversion of normal tritium to the equilibrium con-

centration at |Iqufd neon temperature could be observed as shown In
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Table III

Energy Transfer Parameters

Hydrogen

Deuterium

Trittum

1)ebye Temper ature,O0*

i i _ i. | = i

91

89

(72-87) _

Rotational Temperature eRe*
(J=O_J=l)

172

86

57

_e R : oh2m i |1

8iI 2 | k

I a denotes the symmetry numberl hp I_ and k
are Planck_s constant, the moment of tnerttB
and Blotzmannls constant respect!vely.

***The Debye characteristic temoerature for hydrogen and deuterium
has beenmeasured d|rectly(l_,(18); to our knowledge the Oebye
charactertst|c temperature for trtt_um has not been measured.
Stnce hydrogen and deuterium behave anomalously ttts difficult
to extrapolate the value for trftfum and therefore we g|ve large
11mtts of error.

(1 7) F. Simon, K. Hendelssohn and H. Ruhemann, t_aturwlss.18,34 (1930).

• i ==_ __ _ ii

(18) K. Clusfus and E. Bartholome, Naturwtss. 22, 526 (1934).

ii ! i
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F_gure (I). Th_s conversion must have occurred 4n the neon cooled

thermal conduct|v_ty cell _n the gas phase because under the exper|-

mental condtt4ons used, any conversion due to van derWaals adsorption

or due to the glass walls should be negligible, Oxygen Frozen on the

walls ts known to cause ortho-para conversion |n hydrogen. (For details

see A, Farkas, reference (12). Therefore a plat|num w_re was heated to

IO00OK wh_chwould convert even traces of oxygen to TaO while tn l_qu_d

N2, Subsequent recooltng the cell _n 11quid neon, however, still re-

suited |n exactly the same rate of conversion Indicating the convers|on

was not due to oxygen. Since the 11quid neon w|ll Freeze all impurities

except the hydrogen |sotopes and inert hel|um_ the system w_ll be ex-

tremely clean and tons produced by the racl|oact_ve tritium may have a

relatively long cha|n length causing conversion and only terminated by

|on-electron recombination on the wall or _n the gas phase,

Tr|t_um atoms result|rig from _on-electron recombination cannot

cause Further conversion over T + T2(ortho) _ T2(para) + T, analogous

to hydrogenp since the heat of activation of H + H2(para ) _ Haiortho) ÷ H

4s found to be 7 kcal (19), This relatively low heat of activation for

(19) A. Ferkasp Z. f. Elektrochemte, 36, 782 (1930)J Z. f. phystkal
Chemte, B, 10_, 419 (1930)! K, Getb and P. Harteckp tbtd._
BodensteTnband_ 849 (1931).

i

the exchange reaction _s due to the zero point energy of the hydrogen

molecule and the tunneling effect For this exchange reaction as theoreti-

cal analys|s has shown. But stnce the zero point energy of tritium _s

2,56 kcal less than _n the hydrogen molecule (See Table VI) and the

tunnel|ng effect In the case of tritium exchange reactions _s almost



17.

negl(gible_and therefore the apparent heat of activation will exceed

the value of 7 kca|l but even 7 kcal would suppress any reaction at

27,2°K , even an activation energy otr 7 kcal would suppress any reaction,

Zn the course of our experimentation a series of experimenta)

arrangements filled with tritium were used with somewhat different heat

conductivity cell designs. Each cell had characteristic rates for

conversion which cou|d be reproduced/ the rate of conversion approximated

first order, Since conversion by atom reactions and paramagnettc con-

version by oxygen has to be dtsregarded_ ion reactions were considered

to explain this conversion.

The primar|ly formed T=+ ion may react with T2_

÷ ÷
T= ÷ Ta _ T3 + T (a)

which ts analogous to the hydrogen ion reaction expected with hydrogen(19),

The Tj ÷ ton can then bring about conversion vta|

Ts + + T:l(ortho ) -b T2(para)) T3+ (b)

_htch may occur _lth a long chain length before destruction of the T2 ÷

ion,

The conversion ts at equi||brtum at the neon temperature of

the ¢e11p which was confirmed by observing the conversion of pure para-

tr_tlums and normal trtt{um! both ¢onvort(ng to the one to one equili-

brium mixture at neon temperature. Since the equilibrium is attained

at 27.2eKp there can be no heat of activation assoc(ated wtth reactions

occurr | ng.

%f reactions (a) or (b) should have a heat of activation of

only one kllocaiorte_ which would not be observed at room temperature

under the condition here of 27,2OKw the reaction could not occur before

ton-e|ectron I recombination, Zt should be noted that if a heat of active-
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tton of about 1 kcal. or more should exist for reaction (a) then the

T2 ÷ could not react with Tz and might be the chain carrier via

T2 ÷ + Ta(ortho ) -b Ta(para) + T_ +

The |on effect will dom|nate tn the cell cooled with liquid

neon stnce the particle density of trtttum Is, at 27.2°K, ten t|mes

that at room temperature, Not only Is 70 to 90_ of T2 In the cell,

but tons produc|ng conversion will be tn much higher concentration at

the low temperature because of the ten times greater concentration of

tr|tlum. The |on production will Increase proportional to the dens|ty

of the number of particles of radioactive tritium which dfstntegrate w

and proportional to the cross-section or particle density of tritium

tn this pressure range, Further the recomb|natton of the ions will

•also be less at neon temperature because diffusion to the wall where

recombination occurs ts decreased by the h{gher particle density and

the low temperature, The recombination _n the gas phase is minor because

of the relatively rapid diffusion to the wall not only of the pos|tIve

Ions but especially of the electrons before they are thermallIzed. An

electric field was applied across the cell us4ng Internal plattnum

electrodes. The currant measured ]nd|cated about I0_ of the beta

energy released tn the gas phase. The chain length then ts tn the

order of l0 s,

Changes tn the charactertst|cs of the wall could be expected

to be more or less effective In destroying the Ions. It was found that

faster convers|on occurred tn a system mainly of glass, while one with

platinum electrodes (to measure the effect of electric field) was

considerable slower. See Table |V. The glass wal|s of the cell could

repel or reflect a fraction of the tons on collision where the metal
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Table IV

Observed Half Lifetimes

For the O4fferent

Heat Conductivity Cells

i i.

Cell Description

N4n4mum Hetal Surface

Tungsten leads Extending
throughout cell envelope
(Figure 1 f|rst cell used)

Platinum electrodes w| thout

Voltage app1|ed (Figure 3)

Platinum electrodes with

Voltage applied (F4gure 3)

Observed Half Lifetime min,

15

6O

27

33
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surfaces would reoombtne the Ions w{th a higher recombination efficiency.

It would be posstble by these techniques to obtatn an tnstght tnto the

recomb|natton characteristics of tons for different surfaces at these

low temperature. Research on these l_nes are 4n progress, Thompson

and Scheeffer (20) have proposed an ton chatn mechanism for hydrogen and

(20) So O. Thompson and O. A° Schaeffer, Jo Am° Chem. Soc.t _ 553
t_1958)11 Red|at{on Research, 1_0, 671 (1959).

in i I m -- -- . '

deuterium exchange when subjected to alpha rad|atton, where the gases

were very (;lean. Long chatns could be obtatned stnce charge transfer

react|ons wtth an lmpurtty wttha lower ton4zatton potential was avotded,

whtch obviously terminated the cha{n. Under the conditions used tn the

present work s the 11qu|d neon quantitatively froze out all tnterferr{ng

gas Impurities. Therefore, charge, transfer reactions w{th an tmpurtty

wtth • lower tontaatton potential ts also eVolded._

In the _on chatn mechan|sm of Thompson and Schaeffer for the

exchange between hydrogen and deuterium certain steps of the cha|n must

have a heat of act4vat|on because the d_fferent spectes have d|fferent

amounts of zero po|nt energy/ these react|ons could not be expected to

occur at 27.2eK. In our casep hotwever, there |s the d|st{nct posstb|-

|lty to observe a react|on cha|n, where each |Ink of the chatn ts

operative wtthout any heat of activation and the |ength of the chatn ts

then deterndned by the rate of consumpt|on of the tons whtch may be due

to recombination In the gas phase or on the walls°

i

WHore exact measurements of the ton production under vartous expert-
mental conditions re tn procedure°
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In a mixture of hydrogen and tritium the slow gas phase con-

version could not be observed for the tritium and tt was postulated

that a chain termination step mtght occur, The reactions H2÷ + Ta ._

H2 + T2 ÷ would be endothermtc to the extent of 1,24 kcal considering

the differences tn zero point energyl hencej at 27,2°K reaction would

not occur, Table V shows stmtlar reactions and their correspondtn§

heats of reaction calculated according to the zero point energies listed

tn Table VI, All of these reactions are endothermic and will not occur

before ton recombination at 27,2°K under our conditions,

The trtatomlc tons H3+w H2T+t HT2+ and T3 + may also Interact

with Hat HT and Tz, The zero point energies of these tons are not

knownp but the differences should be analogous to those Indicated for

the dtatomfc tons, It means they may have relatively lower vfbrattona!

frequencies per degree of: freedom than the uncharged dtatomtc species;

alsop the sum of the zero point energies will decrease with the tritium

content of these species, All reactions Involving a trtatomtc ton and

uncharged dlatoratc molecules wtll tend therefore to go tn the direct|on

where the trtatomtc tons contatn preferably hydrogen wand in the dtatom|c

molecules preferably tritium. Consequently, ortho-paratrttium conversion

over long chains wtl| not occur, Since the ions resu|ttng from these

reactions would not be tritium Ions, but mixed tons or hydrogen tons_

neither the hyd['ogen -tritium _xchange northe ortho-paratrtt_um "

conversion (:oul.doccur, ..... . ..

According to the formula of WIgner a paramagnetIc gas can

cause conversion of parahydrogen to orthohydrogen, The relative

magnetic moments of hydrogen and deuterium were determined In this manner
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Table V

Hydrogen_ Oeuter|um and

Tr|ttum Ion Reactions

Ha+ + HT-b H2 + HT+ J

HT+ + T='+ HT + T=+ I

H=+ + O=-_H a + 0=+ I

Ha + + 02 "* HD + HD+ ,1t

Ha+ + HD'* H2 + HO+ j

H0+ + Da-b HD + 0=+ !

_1_° = +i.21 kcal

4Eoe = +0.,?.8

_E° = +0.5l

,%0 = +o.7o

,SEg _, +o,_St+

_eS. = +0.53

,%0 ._ +0.38

ae_ = +0._5
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Table VI

Zero Po4nt Energ|es_ kcal

H2 6.20

HD 5.38

h_ 5.09

D= 4o41

DT 4.01

T= 3.62

H2 ÷ 3.24

Hi)+ 2.80

HT+ 2.64

D= 2,29

OT* 2.09
÷

T t I .87

_These values were calculated from the spectral data reported by

Herzber g (21) .

(21) G. Herzber.q I'Holecular Spectra and Molecular Structure'lw
Voi. Ij D. Van Hostrand Company_ Inc., New York 1950.
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by using oxygen as a pararnagnettc gas (10) and observing the rates of

conversion of ortho-para systems. S|mllarly we have observed the same

type of relative conversion rates for hydrogen and tritium using nttrtc

oxide in th_s case as the paramagnettc gas. Oxygen would combine with

the radioactive tritium tn a relatively short time.

Nitric oxide was used for ortho-para conversion of hydroge n(lO)

Of the lowest states of NO the 2ti3/2 is 345 calories above the 2,1/2

ground state. The upper state is paramagnettc whereas the lower state

is not. Therefores at room temperature a high percentage of the NO

is paramagnettc while at liquid neon temperatures it is not only frozen

out, but over 99% of the NO will be tn the lo_er diamagnetic state.

The observed half lifetime of 17 minutes for a partial pressure

of 100 ram of NO was within 10_ tn agreement with the prediction of

Wtgner's formula, equation (1)j thus_ this result adds support to the

validity of this equation for gas phase converston_ where the r s is

assumed unchanged.

Conci ust'ons

In the proceeding papa r(7) we have shown that tt ts possible

to convert normal tritium to paratritium on charcoal In the temperature

region of liquid neon and liquid helium. Hydrogen and tritium have the

spin I/2 and follow therefore the s_ae statistics. In addition they

have almost the same nuclear magnetic moment. It is therefore of major

Interest to compare the kinetic data of the ortho-para conversion of

these two hydrogen species. From the results obtained_ we have been

able to show that

(1) On a coconut charcoal under the same conditions the ortho-

para transformation of tritium was 27 times faster than that of normal

hydrogen.
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(2) Concerning the transformation rate tn the sol td phase the

ortho-paratr|t|um transformat|on has a half l|fet4me of 17 m|nutes whtch

|s 210 t4mes fester es compared w|th the rate of transformer|on of

normal hydrogen,

(3) Concern4ng the occurrence of transformation react4ons by

4ons the following conclusions could be mades

(_) Ourtng the transformation experiments 4n the gas

phase the heat conducttv4ty cell rema4ned always cooled wtth

Itquld neon! therefore the tr4t4um gas was e_(tremQly* pure.

lit seems that under these cond4ttons ton exchange reactions

occur w|th practtcatly zero heat of act4vat4on and wtth large

¢ol I is|on cross-sections •

(b) Hetal surfaces enhanced the |on recomb4nat4on proeessj

thereby decreasing the rate of convers|on!

(c) The application of an e|ectr4c f4eld tn a 11m4ted

part of the cooled exper4mental arrangement takes out the _ons

and therefore decreases the rate of converstonl

(d) Zn the adsorbed phase on charcoa! (whtch t s • semi-

conductor) |ons do not seem to play a re|e in the catalys|sl

(e) In the solid phase we would not 11ke to comm|t our-

selves at the present t_me as to whether tons play a role for

the conversion or not,


